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On Measurements of Oxidation-Reduction Rate of Iron

and of Oxygen Pressure in Oxide Melts.
(Study on the oxygen concentration cells at high temperature—IV)

Kazuhiro GoTo and Yukio MATSUSHITA. .

Synopsis:

The change of oxygen pressure in the waste gas of CO-CO; mixture after the oxidation
or reduction of iron or iron oxides has been continuously measured. From “this change, the
‘rate of oxidation or reduction has been calculated, knowing the initial gas composition of
CO-CO; mixture flown into the reaction chamber.

It is shown that the oxygen concentration cells or the oxygen gauge can be used for the
continuous measurement of the change in the gas compositon. Thus, the rates of the re-
actions relating to the change of oxygen pressure, in general, can be determined by the
oxygen concentration cells with a solid electrolyte, ZrQs CaO.. The used ‘cell is: .

o Ni+NiO | ZrOg CaO | Pt i CO+COq 7

The equilibrium oxygen pressure in a liquid PbO-SiO; binary solution equilibrated with

liquid lead has been measured at 800°C, 900°C, 1000°C, and 1100°C by the following cell
Pb- (PbO4-8i0;) | ZrO; CaO | NiO-Ni

The equilibrium oxygen pressure in the PbO-SiO; bmary solution increased at h1gher tem—
peratures, and decreased with anincrease in the silica content of the solution.

The chemical activity of PbO was calculated from the equilibrium oxygen pressure.

The activity of PbO deviated in a negative direction from the Raoultian' law, with the de-
viation 1ncreas1ng with a lowering temperature The activity of SiO; was determined by the
" Gibbs-Duhem equation. : '

The activity of SiO; deviates in a negative direction from ideality if the silica content is
less than 0738 mole fraction, above which the activity of silica deviates in a positive direction.
The deviation becomes less at higher temperatures.

The free energy of mixing of PbO-SiO; systém has minimum values at Ngj0,—0°38, as

'AFMIX———Z 2 Kcal/mole, —2*3 Kcal/mole, and —2°45 Kcal/mole at 900°C, 1000°C, and 1100°C,
i respectwely : ;

The minimum enthalpy. of mlxmg is about —700 Cal/mole at Nsio,=0°32 and the maximum
entropy of mixing is about 1°3 entropy units/mole at Nsio,=0"38. (Received 29 Sept. 1964)
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—%, Pb & FHiIkEBICH H7ER PbO-Si0, RO

Table 1. Activities of PbO in PbO-SiO; melts

at 900°C.

Nepo - EMFnyv. arpo Po,catmd
1°000 165°08 1 2°372X 105
-0° 8969 159°34 0°893 2°117X 10758
Z 159°62 0°897 | 2°131X 1075
0°8083 15205 - 07773 1°834X10°5
4 ‘ 154°13 0°805 1°910X 107%
0°7079 . 140°22 ) 0611 1*451 X 1075
7 141°70 0°629 14494 X 10°%
06638 - 129°60 0:496 10176 %X 107°
4 13081 0°508 1°204% 1075
0°6041 T o118°73 0°399 9°480X 108
7 11956 0°406 9°563 X 106
0°5185 92°11 0236 5°601 X 1086
4 94°58 0°248 5878 X 10~
0°4465 74°30 0°166 3°936X 1076
7 | 75°85 0°178 | 4°219% 106
0°3835 65°48 0°*139 3°304%X 1076
7. 67°65 0°145 3449 X 1078
7 68°10 0°147 3°482X 1078

“Table 2. Activities of PbO in PbO-SiO; melts

at 1000°C.

- Nepo EMFnv | @pvo Poscatm)
1°000 © 157°44 1. 4+818X 1079
0°8969 151°40 0°896 4+275% 1075
0°8969 15146 0*897 4°280X 1075
08083 145°88 0*810 3°833X 1073

4 . 14523 0°802 - 3°784X 1073
0°7079 129°95 0°606 2°797 X 1075
4 13116 0619 2°864X 103
06638 119°85 0°504 2°290X 105
0°6041 106°60 0°*396 1°762X 1075
” 110°53 0°425 1°904X 1075
0°5185 84°76 0°265 1°144X 1075
4 86°18 0°273 1°176X1078
04465 66°80 0192 8°016X 10°¢
4 69°24 0°200 8°410X 10™¢
03835 55*10 0*155 6°359X10~8
7 59+84 0°168 6°985X 108
4 58°08 0°163 6743 X 1078

“Table 3. Activities of PbO in PbO-SiO; melts

at 1100°C.

Npvo EMF v @r1o Poscatmd
1000 149*56 1 9+340X 1075
0°8969 | 14525 0°919 8*572X 105

v 143°20 - 0°898 . 823 X 1075
0°8083 137°37 0°813 74336 X 1075
0°+7079 - 120°50 0612 5254 %X 1075
06638 110°50 0°517 4+311X 10753
06041 97‘92 0418 3*360X 1075

4 95+30 0°400 3°190X 105
05185 68°07 0252 1*861X 1075

4 77°63 0°296 2°249X 1075

» 77°58 02296 | 2°247x 107%
0°3835 5100 0°189 1328 X 1073

4 . 51°16 » 0°188 1°326 X 1078
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OX1dat1on of Molten Iron Alloys Wlth Atmosphere

(Studies on the kinetics of gas—molten iron reaction—YV)
- Koin Ito and Kokichi SaNo

-Synopsis:
" When molten iron or steel fully deox1dlzed w1th hydrogen or carbon contacts with such -
oxidizing gas as air, it .is observed that an oxide layer or particles appear on the surface of
molten metals before the oxygen content in the molten iron reaches the saturated value,
. [OJsat. ‘We oxidized iron alloys with H,O-Ar gas and studied the relations between oxidation
conditions and oxygen content, [O] 7> or carbon content, [C]y at the time, #y» when an oxide
_begins to form on the surface of molten metals, and time dependence of oxygen content.
Results obtained are as follows:
1) For carbon-free iron and its alloys,
| D06 Mo b o= [0y O] (5)
is derxved where ks=[Olsas/K, K is the equilibrium constant of reaction, H;O= H2+O D/
d¢ and Do/dr are transport coefficient of H,O in gas and of O in liquid-side diffusion layer,
respectively; M is atomic We1ght of oxygen and p is dens1ty of molten metal. Eq. 5 indica-
tes that in accordance with an increase of Pu,0 and with a decrease of oxygen solubility in
iron by the addition of alloying elements, [O]; decreases.
2) For carbon- contalmng iron and its alloys, [C]y is expressed by
!
“"where M' 1s atomic Welght of carbon and Dc/lz is transport coefficient of C in liquid-side
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